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CHAPTER V. WIND POWER MACHINES
U. Hiitter

‘A. Energy content of wind ' /1030%

1. DBasic features. The horizontal component of the wind,
which is usually the only one used, varies with time [1, &,
17]. Short-term fluectuations over intervals of seconds or
minutes are called gustiness or turbulence [16]. Wind vs.
distance and time, recorded with an inertial cup anemometer,
vields steadier values than gusts recordings with stagnation-
pressure devices; this means that general alr transport appears
more wuniform. The energy production of wind power plants
(integrated power in kWh) exhibits a similar behavior (Fig. 1)
(571.

Mean daily variation 1n speed over extended plane up %o
about 80 m elevation: rising in morning, abating in the evening.
Above, reversed time variation and decreasing amplitude of flue-
tuation [11]. Along sea coasts and on sides of mountains, there
are thermally generated land/sea or mountain/valley winds varying
with the time of day ([17], p. 536); changes in meteorclogical
conditions are superimposed on these fluctuations.

In Central Eurcpe, there is a simple periodic variation in
intensity over the year wlth weak wilnds from June to Octéber,
and strong winds from December to April [171.

Symbols

DR !* """ Wheel diameter [m].

E_ ' Profile 1ift/drag ratio [-].

Epot Total energy generated [kWhl.

w F, -« Ideal reference areas [mzj.

ref "0 ; 5

F Area of control vane [m”].

vane p
F + Area df circle enclosed by wheel [m"™].

¥ Numbers in the margin indlcate pagination in the foreign text.



HT Height of tower (axial height of wind wheel) [m].
L Power of the faecility [kW].

Ly Ideal power content of wind [kgm/sec].

Linst Rated power [kW].

M, Friction moment [ksgml. 1

MR’ MA Wheel shaft and machine moments [kgnil.

R Radius (to tip of bladed% [m].

Reff Effective radius [itf].

€q CaImp 5 Lift coefficients [-].

¢4 Moment coefficient [-].

Cqys Clopt Power coefficient [-].

C11q° clopt Ideal power coefficients with zero friction [-14
Coy Axial thrust, drag coefficient [-].

C oo Profile drag coefficlent [-].

fN Frequency of power network [Hz].

hrel Relative wind frequency [-].

i Gear ratio:[-]¢

lF Length of vane arm [m].

linst Specific power per area of circle EW/mga.

m Mass per unit of time [kgsec/m].

NRs N, Rate of revolution of shaft and machlne [rpm].

r Radius of a profile section [m].

t. Width of blade at radius [m].

At Time interval [see, h].

ug Tangential speed of wheel [m/sec].

Ugs Ug Relative tangential speeds in wheel plane and wake [m/sec].
Vgr Vgpe Max vy Wind speed 1in undisturbed flow [m/sec].
Ves V3 Velocity in wheel plane and in wake [m/sec].

Vi v Most common and mean wind speeds [m/sec].

AV Velocity change [m/sec].

Wos Weo Wy Relative air speed of vane [m/sec].

3 Number of blades [~].

o Angle between gero-lift direction and incident wind

direction [units of arc].



Angle between plane of rotation and zero-1ift direction
[e1l.
Specific annual power per area of circle [kWh/mg/year].
Matching factor [-].
Profile friction loss factor [~].
Work factor [-].
Blade-number loss factor [-].
Blade outline function [-].
Grid constant [-1].
Profile factor [-].
uO/VD' Wheel speed rationl-].

Relative speed ratic in plane of wheel [-].
Veloeity reduction coefficient [-].

=YY/ Specific weight of air [kgsecg/m]
Time coordinate [-].
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Fig. 1. Plots of wind speed and wind vs. distance for
five typical weather situations (Essen-Milheim Airport).
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[Key for Fig. 11:-
a. High with uniform weak flow
b. Anticyclone with steady east wilnd
¢. High with storm front
d. Train weather with lively wind
€. Passing through intermediate high
f. Cyclone with storm area
Zelt = time.

2. Frequenty curves are the result of analyszing long-term

wind observations (Fig, 2):

EAtAvO is the sum of the time intervals At, over which the
wind speed is within the speed intervals AEDICH‘AvOn'

Crucial parameters: vy the most common, and vy the mean
wind speed. In temperature zZones: v, = (2/3) vm(Wenk).

The méan wind speed Vo {hourly, dally, monthly and annual
means} is known for many places and redorded (Table 1). Values::
for Gerﬁany are provided by the Central Office of the Germah
Meteorological Service in Frankfurt/Main. The highest wind
speeds in Central Europe are 50-65 m/sec near the ground ([32],
p. 6).

TABLE 1. MEAN ANNUAL WIND SPEED IN m/secl /1032
Germany Leipzig - 3.1
Schneekoppe (H) o0
Brocken (H) 8.7
Helgoland (C) 5.8 Rest of Eurcpe
Hamburg 4.8
Aachen 4.6 West Coast of Ieéland (C) 7.8
Frankfurt /M 3.7 Finland (coast) 6.0
Buchen (Odenwald) 4.0 Finland 3.0
Gopplingen 2.8 Clare Mérris (Irid.) (C) 4.9
Schopfloch (H) 4,6 Dublin Airport (C) 5.5
Friedrichshafen 3.9 Shannon Airport (C) 6.0
Munich 3.2 Orkney Islands 8.0
Schmicke (Thur. Wald)i{H) 3.7 Central England 3.2

lCoastal locatlons designated by (C), elevated locat@ens by (H).



b

Brittany (C) 7.0 Cape Hatteras (C) 7.2
Nermandy (C) 6.0 Mississippi Valley 4.2
SE/NE France 3.2 Miami (C) 5.3
Hela Peninsula (C) 6.3 Fort Worth {(Texas) 6.2
Warsaw 3.8 105th meridian 3.6--4.0
Cracow 3.2 Los Angeles (C) 2.8
Trieste(C) 4.0 Calgary 4.5

Trapani (Sicily) (C) 4.6

South Africa sSouth America

Beaufort West (C) .4 Fernando Norbona (C) 6.9
Cape Agulhaes (C) 6.3 Recife (C) 6.1
East London (C) 4.8 Rio de Janeiro (C) 4.3
Port Elizabeth (C) 5.2 Eio Grande del Sul (C) 5.4
Johannesburg 3.3 S3ao Bento 0.3
Bloomfonteln 3.0 Barreircs 0.7
Kimberiey . 3.2 Caxambu Minas 0.8
Matroosberg 2.3 Montevideo 4.6
Buenos Aires 4.4
Atlantiec Gcean Bahia Blanca h,2
Commodore Riva da via 7.1
NE fradewind 4.9 Asuncion 1.7
SE tradewind 6.2 Rosario 3.1
Tucuman 0.9
North America Mendoza 1.3
Bariloche h,6

Cape Cod (C) 5.7

Long Island (C) 5.4

3. Re}ation between velocity and duration

[TABLE 1 continued]

as a basis for

obtaining the continuous power line by integrating wind

frequency curves [55]:

t= [ hady, [ brady,,

Uy - . =0 }
maxy, maxe,

(2)

8620 1 1s the number of hours per year over which the wind

speed is Vo ©OF greater (Fig. 3). The number of kilowatt hours

per m- wind wheel area with total energy removal is calculated
(Fig. 4) from the annual mean wind velocity. Total avallable

energy;in kWh is given by

B =

tot - EFg (39
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Key: a. Wind speed;b. Mountain top

above sea level; c¢.
d. Central Germanys;
Germany; f.

sea coasbty
e, Scuthern

Time coordinate..nt

With the same means and
the same size facility,
the specific output per
unit area in W/m2 rises

in proportion to the

rated power L. in
inst
kW
N = '
”xinst 1000 Linst/FR (4

4. A1l records of
wind speed [4, 11, 17, 19]
show a steady increase in
wind speed and a general

decrease in gustiness withiug

increasing elevation above
the effective surface of
the Eakth. A velocity
maxdmum at the boundary of
the stratosphere has been
found by meteorological
balloons, c¢irrus observa-
tions and radio-probe
measurements {Fig. 5).

[31].

B. Basic Aerodynamic
Features

1. Basic features.

Windpower machines convert
the kinetic energy of air
inte work, The amount of
air crossing the reference
area Fref during a unit of

time (in kgsec/m)



m =-VOFrefp
and this can perform work /1034

5t w ¥dte of [3, 8] {(in

kgm/sec)

; 1
b ibin Tahe f227 T Johresmittel der l . D 3
L g e — Windgeschwinaigkeit < = =
E s “-g""" L =mvy/2 = vaF, pp/2 (5)
fg | e Here, v% is the
gé ‘/Aﬁ/ relative air speed perpen-
a0 — :
LRy / r dicular to the area, p = Y#&
ST i/ —
g e e 1s the density and y the

2 ! He p1 P 250 Vi/m?

T i T i ' \
50

C b dnstallierte Leistung Lo Fe Ratkreisfldche specilic weight of air. The

reference area is the projected
area for rotors and the

Fig. 4. Specific annual power circular area swept out by
per unit area for various the vanes for wind wheels.
annual mean wind speeds [22, 33,
56, 3?]. v, = annual mean wind The actual operating
- speed.
P data of wind wheels 1s
Key: a. Specific annual power . ,
per unit area expressed in terms of the
b. Rated power Ljipgy per parameters of the facility
unit of wheel area . A
Jahr = year by means of dimensionless
coefficients:
Power in kW | L=aFpele2- 109, (6)
.Torque in kgm Mp=caREavie2; (7)
Axial thrust in kg L S=aFaunel - L (8)
Revolutions in rpm o =304 wlnR. (9)
¢, = power coefficient, Cq = moment ceoefficient, Cy =

thrust or drag coefficlent, A, = u,/vy wheel speed ratio (ratio
between the tangential speed uy =ywRn/30 and the relative air
speed vy of the wheel), R = radius to tip of blades.

cannot be 1, even in g

2. The power coefficient c ;

1
the ldeal case, slnce the withdrawal of energy 1s linked to a

veloclity reduction near the plane of rotation (Ve<vo), and
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since the ares FO must be
less than Fp (Fig. 6) [31,
because of the continulty

condition

Zvo O= const.

so that the entire mass flux

m = VOFDD/E does not cross

the c¢ircular area.

The velocity reduction
factor £ =V3/VO is crucial
for the type of energy

extraction.

For the wheel plane,
'i%dex e), jet theory yields
about half the velocity
reduction and change in
angular momentum in the wake
of the wheel.

v, = VO/AV/E, Ug = upit Au/2.

I
(RS N

Using the abbreviation

o-Vivd am - L (10)

power balance, and the laws
of momentum and angular
momentum conservation yield
the velocitdes in the wheel
plane (Fig. 7):

at right angles to the wheel
plane
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Fig. 6. Conditions near
FQF_Hind wheel,

Key: a. Blade element

b. Wheel element
¢. Number of blades
d. Pogition
e, Wheel plane
f. Weight

| e

‘E ™ y=Yg-au

' u,— u.ﬂ R 114

Fig. 7. Angles and velocity

angles.
TR G

Key: Richtung = direction

1\' (11)

v = vyll + 812,

parallel to the wheel plane

b

: g = 2n(1 +6)f2. 7 \ ( 12 )
and, relative to the vane /1035
profile

Ces0dwgaa)TRS N (A3)

the effective speed ratiouin
the wheel plane

wg;n]-}-f (lu)

The ideal power coefficient
(Fig. 8) (ignoring the influences
of profile friction, blade
number and 1ift) with angular
momentum taken iInto account is:

Cud=;~3(1+§)(d-1).' L (15)

The ideal optimum for AO—+ ¢
(zero angilar momentum) and

E = 1/3 is C]_d_ﬁyopt = 0.5926.

Because of the substantial
influence of angular momentum,
a lesser reduction to & =i1/2

is more favorable for extremely slow wheels [22].

3. Theréffectasnofdprnofdle friection are allowed for via the

loss factor

B e AT

_ﬁééﬂﬁgfﬂma+ag+zm2ﬂ

(16)



(Fig' 9) [35 14]‘ Eoo =

a
for infinite span.

W

for a wheel element at radius r and of area dFR

infinite number of blades.
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Fig. 9. Profile friction
loss factor

Profile friction loss
factor

b. 3Speed ratio

¢. Profiile » 1lift-~drag

ratio

Key: a.

10

e /¢
a’ “we ..
e, = Lift coefficient, ¢ w = drag coefficient of profile, both

Strictly speaking,

profile lift-drag ratios .
€1 iq %ﬁﬁ Np hold only

= 2rmrdr with an

4, In order to ascertain

the behavior of the entire

wheel, values are plotted and
integrated over the radius,
taking deviations in.§ and cg
due to peripheral influences
into account’ The influence of
the number of blades (Fig. 10)
[18] is estimated using the

blade-number loss factor.

\

w1 TP, | (17)
z = number of blades (in
Fig. 6, z = 3). For a given
wheel,
R - S 1
q=mcURﬂfﬁmdrfn,dn! (18)

fhe estimated effective radius
is

R,m 072 R ) (19)
This can be considered wvalid
for the entire wheel, thus
dispensing with any integrations.
A condition for a possible
cperating state in a blade
section is [22]:



s imp = 2MKpKa0; (20)
é: profile factor xp = 0.92-0.86
3, (profile thickness 5-18%),
3 grid constant &, = 0.9-1.1
: (0%-7°) (Fig. 7), ([18, p. 139).
5
ia
e '[)2 ‘Schnet;fuuf.’ﬂil Aa R : : - . - ]'.r—'b‘—lw__'”‘ - )

- N ca,impkth if?gni+m%r+w+xr \(21)
flg. 10. Blade-number = with the blade at radius
loss factor [14) 18] b = wit ¢ blade

r (Fig. 6).
Key: a. Blade-number )
loss factor
b. S3peed ratio _'£=mwé4ﬁmwdr?ﬁgl (22)

¢. Number of blades

5. The moment coefficlent

Cd 1ls denived from cl—AOﬂcurves:

Y ——

cq = e/ (23)

The zero-moment coefficient

=
T

ch with fthe wheel stopped is

a function of the design speed

=
=

Nullmomentonbeiwer! Caa

ratioy “angular varilations,

Wi 1z z4 sam
"~ ey . . -
_ b o Seheleifzehl blade profile and outline

Fig. 11. 7ero-moment configuration (Fig. 11).

coefficient of actual wind 3ince the blades of high-speed
?ﬂ?ee‘ls [3:5: 10,22, 33]'

EKey: a. Zero-moment

wheels are almost parallel to
the plane of rotation, flow

coefficient
b. Speed ratio separates along almost the
¢. Theoretical y
ma x Lmum entire blade when the wheel

1s stationary. Therefore,

moment coefficients for when
these wheels are stationary are very small. The start-up
properties of high-speed wheels can be improved by altering

11



the blade orientation (autog
matically or manuallyl), so
that the flow adheres to the
profile along most of the
blade radius.

o Widersiondsbeinerf ¢,

6. Drag coefficlentsuaare
estimated from

<
ol

7 b 3 4 E) &
) b Schpeltaafeatt X © ; _ o
o=~ E) (1 +A/E). (24)
Pig. 12. Wind-tunnel I

measurements te determine -
axial thrust coefficients The profille 1ift coefficdients

of a four-vane model c_ must be known in order to
wheel [20,22]. d:termine E, . Because the
profile 1lift-drag ratio E;H@D
b. Sgeed ratio as ¢, 0, C is relatively

large for high-speed wheels

Key: a. Drag coeffient

\ 0 | evern wnen idling. Fig. 12 shows
: &
i 6 some measurements.
&
; 3A% T 7. The blade width of /1037
| 2 CEEAD /‘_7‘ e —_—
; \ \\ : ~ wind wheel vanes is obtained
| 2q;~VjK ; - from the basic outline
- A N
g BN N 1 Chmrijsd 2
N * | o he=rilifag
| S E§gq (25)
< a3 “Ne .
o .
I RN by means of the outline 'n..s/B038
} . 1\Qééé funetion
f
|

&

b sehnetfoufrobt Ag

- ﬁ sy o—1" 'f; (26)
‘ 7z ]rh—-—_1~iﬂ+(1‘£)ﬁg : l

gt%étigﬁ [g%%de—outllne In the range of normal

Key: a. Blade—-outline values, the influence of the
funection reduction factor £ on the
. Speed ratio outline is slight (Fig. 13).
The shape obtained from Eg. (26)

corresponds to the nregtangular

12



outline of airfoils and ought to be slightly corrected to give
it an elliptical outline, to allow for a steady 1ift distribution.

8. Wind-tunnel measure-

&5

ments on wind wheels with different
bhadesangles (Figs. 12, 14 and
15) show that limiting pewer by
modifying the orientaticn of the
blades is very effective, and also

L4

[

=y
[

<2

e TR I g
Leistunpsueiwert ¢

T et}
o
9

N

\,LH;QAQWW%W@XQa b { that the optimum ¢, curve is an
Fig. 14%. Wind-tunnel envelope for all other curves over a

measurement of power very wide range of speed ratios,
coefficients of a four-

vane wind wheel [22] (Fig. 15).

Key: a. Power coefficient €omparing the ¢, and &
b. :Speed ratio 1” d
¢. Plane of rotation curves of wheels of different
designs shows the superiority of
. e e the low speed wheel in startdng,
A7 wk.!vﬂi T T and that of the high-speed wheel
s N cEregzifurw'dfs fgfﬁfnenbrrmpes
R A D\ I D : in power and revolutions [3, 10,
‘ ' 20, 33, 52]. Rotors based on

the cup-anemometer or the Savenius

principle [51] are greatly \

. Schoufewiokel flg .
5w

inferior, because of the greater
construction effort for a given

¢ircular area and becausge of

B i

{‘.,AP e

¢
T8

lower revolutions for the same

. diameter and a substantially poorer
Fig. 15. Power coeffictent

field based on wind-tunnel power coefficient (Fig. 16) [33].
measurements [22].

C. Adaptation to machihery
Key: a. Blade angle -

b. Speed ratio 1. In order to have wind
¢. Limiting curve of power plants and machinery or
‘ turbine operation ~

d. Plane of rotation generators cooperate, stable

conditions must prevail regardless

of the values of V@@and nR;

13



Leistyngsbeivert ¢

(27)

| i Ma{vo g ~Moy=iM,iny),
AM gfdng s £dM,dn,. |

=
+.

(28)

=
t

MR 1s the driving moment of
the wind wheel, MA
of the machine being driven,

is the torqgus

ol
P

MO is €he frictional moment of
the entire facility, relative to
the shaflt of the wind wheel and

SN, L f T W 1 i1s the gear ratio of the gearing

a1

between the wind wheel and the
machine [53].

Momertenbeiver! ¢a

2. The efficiency

| §

‘ e =alve, neMcrepm | (29 )

Fig. 16. Power and moment .
coefficlents of wind wheels .
with different designs and glves the utility of the chosen /1039
speed ratios (according to .
Ezteyev) [10’52’33, 51%% operatling point of the wheel,
Kéy' é' Power coefficlent relative to the optimum power

b. Moment coefficient [55]3. YAt different wheel

g' Enggpgzgiiheel revolutions and wind speeds

e. High-speed wheel the value of nﬁ”depends on tThe

position of the torque-revolutions
curve of the machine in the torgque-
revolutions field of the wind
wheel (Fig. 17). Optimumicompatability with good start-up
behavior 1s obtained with d.é.ﬂdouble-wound generators in
connection with a battery and an ohmic registance.. Malns-—
powered asynchronous and synchronousg generators do not match
as well [26, 557,

Precise study on the optimum positlon of the fixed number
of revolutions of the wheel as:determined by themainsafrequency
fN and the gear ratio 1 1in the light of power curves alliowing

14



for the various values oﬁ R:

b b

power delivered by the facllidty
as a function of the tlme_ B

i 43 | g coordinate 1 in Fig. 18.
NpE e

3. The matehing coefficient

compares the actual total energy
del;very,with the ideal output?}

_.k._ _.Q.ED_. _ﬁ

<
H
%JMJ at nR = 1 (Fig. 18}.
; : L .naufﬂslgdt)fl.dt. :
5 R G0
i‘ ' Matching factors of more
i ‘T”Ebfﬂfirﬁns?% al than 90% are possible even wilth
' Kodgrehzotl B G/min
- fixed rates of revolution [55].
Fig. 17. Moment/ When high-speed wheels are
revolutions/wind. speed being used to drivew machinery
field of a faecility with . .
a wheel 20 m in diameter with moments Iindependent of the
along with operating rate of revolution (reciprocating
characteristics of ) .
generators and pumps [55]. pumps, wcod saws, roughing mills,
Key: a. Wheel torgue tool maChineS, etc.), COuplingS
b. WHgilP;;volutions which are controlled by the rate
c. Wihd speed of revolution or variable gear

d. A.C. generator,

ratlos must be employed in order
rotary pump

e. Mains~driven to start with zero load.{32].
synchronous
motor run on D. Examples of windpower machines
power network
f. Optimum operating 1. Low-speed wheel (Fig.
range of wheel 19) with design speed ratio.l-2,
g. Reciprocating pump ]
with reduced- 3-6.m in diameter. One-stage
load starting step~down gearing 1:2.5 to 1:3.5;

h. Efficiency
crank gearing with sliding guide

of 1ifting mechanism in tower.head \
(Fig. 20); on square angle-
bracket towers; has worked welllas,aamachmneﬁtq driveysimple LI,
reciprocating pumps {5, 21, 33}.:3Foun-vaned wheel with blades

15



of galvanized, curved &-=1.5 mm
sheeC metal turns in the lee

o & o of the tower,
. L ‘ |
1 v o S5 .
| ““l\\ «f 'FTT? 7% Wheel dise rough-turned
. "‘ cz - . .
a7 ‘ : 2 u.-g»zﬁwe%s.ﬁf:z;vnfm by weather vane. Length of
e CE, ST g llsondae T
£ w0 e w;} ] vane arm lF = (2/3) DR’ vare
5 % \“Méwg ; area F = Fp/8, tower height
a . G3naa v
135 Oretzativerfginis 7n
iz , ] = 3=5 Do; controlied b
= IS L Hp = 370 D cont y
L b st turning the wheel disc, mounted

off-center relative to the

vertical axis of the tower, with
Fig. 18. Power curves for
a wind power plant working
together with a mains wind speeds against the tension
driven synchronous generator
for varicus fixed rates of

stagnation pressure at high

of a long spring, the vane

revolution [55]. remaining in the wind direction
Key: a. Power ratio (Fig. 21). Adjustment with
b. Time ccordinate . . .
c. FEfficiency chains or wire, likewise by
d. Ratio of rates of turning the wheel disc.
revolution
Loss 2. DMcdern high-speed

Period of stoppage
Period of full load

g H o

wheels (design speed ratioi3-9)
are usually constructed as
electrical facilities because of
the lesser adaptation problems
(Figs. 22 and 23). Guyed or
free-standing very stiff tube or grid masts. Free-standing towers
spread out near the base. Concrete foundations with cast steel |
reinforcement [11, 25, 26]. Usually constructed by hoisting up
mast anchored at its base at one poeint [33]. In addition to the
usualiloads on tall structures, the towers must bear stresses

due to inertial forces and moments [e.g. gyroscople moments of
the wheels). The lower edge of the wind wheel should be at

least 3 m above the vortex trall of obstacles {stretchers or

rows of trees). Towers of medlum-size facilities (3-100 kW)

are 1-=3 DR high.
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Steuesfabre

12000 bis 19000

Fig. 19. Wind~power. pumping
plant with low-~-speed
wheel [5, 10, 21].

Key:

laminated solld wood glued with synthetic resins.

oo oo

e

Housing cover

Return spring

Regulating chain

Blatform-

Direction control
vane

Ladder

Pump linkage::

Pump head

bis = to

. Windrictlung

&
. !
Fig. 20. Pump head gearing
aa —— Axis of wind wheel,
b —-- Shoe brake, lcocks the wheel
when fully swung out, c¢ ~~ Guide,
d -- Connecting rod, e -~ Hub
of wheel, ff -~ Vertical axls
of tower.
Key: g. Wind direction

The vanes for wind wheels up to 5 m in diameter are made of

Larger vanes

are made of light metal or sheet steel in the scooped configuration,

usually with a centwal bar and ribs to support the skin, and

/1041

rigidly attached by a flange to a welded or cast steel hub (Fig.
24) [31, 33], or mounted by several single-row or ohe multi-row
roller bearings so that it pivots about the long axils of the

1
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i

12 4 W Generator)
—

& Seswichane
g er" wflache

!
|
;

Fig. 21. Eecentric governor Fig.'22. Electrical wind power
{(eclipse control) for low- plant with high-speed wheel
speed wheels [33]. (Allga;eg, Uhln en) Rated

bower 372 kw FiTY’10ad reached

Key: a. Wind pressure at 6.2 m/sec wind speed.

b. Eccentricity

cd Vertlcal axis of Key: a. Gear housing
tower b. Platform
d. Adjusting chain c. Adjusting lever
e. Vane ds Circular area swept
f. Return spring cut

. Foundation

vane (Fig. 22). The wane is pivoted by push rods or gears,

4. Tower head. In electrical facilities with attached

generator [31], one- to three-stagespur-gear system, usually
with ground helical gear wheeZs,; sump lubrication preferred
because of freedom from paintenance. Vibration-proof screw
connections and satlsfactory seals are very important [24].

Direct mechanical [26] or hydraulic servocontrol [31] of
rate of revolution and torque is achieved by adjusting the blade
angle. This is accomplished by a sturdy centrifugal governor.
This also permlts power control as “pure loss regulation .using the

18



.'@—

Scfalrwe”e d & A Prehsing

Fouphwelle  5E=2 o B
a BrsﬁQﬁfrrg.’zr \ R Z -
Poa .'.'a : .
it rehsinn €e
: N " Lenkerstern
(\ | \nnr wier Hspirgal N

. o

1" ttaf | )uﬁlI 1
o ke BuAsfm‘mlfer K |
| i lfandfocf’a""' ’ _‘ i

: ,frﬁfﬂf}mpeh \\ ’ i A
; Kﬂ“n-n!mfe —Flgeitiat

Xa#efmdmsmlaﬁl’l

T tecier ©

< g ﬁ‘*fm‘n‘ane.’p

L .'nd'rim;uny ]
e

! f 1

iy -
LA t\__"\‘ i oy
V' Kiemmenung o - Hovbe

« Sicheryagskasten '—i—“—.imnecke‘ u

Fig. 23. Head gearing of an electrical wind power
plant (Allgaier, Uhingen).

Key:

a. Direction of n. Cable terminal
rotation 0. Cover

b. Revolutions governor ~ p. Ground cable

€. Gear-shift shaft g. Blade

d. Main shaft r. Wind direction

e. Guide star 5. Worm gear f{ixed to

. Normal oll level tower

g. Intermediate shaft £. Terminals and fusebox

h. Slip rings u. Worm

i. Cool air v. 'Side wheel 3

J. Ventililator w. Hood

k. Brush holder ‘

1. Access hole

m. Connecting block

eriteria of structural strength, specified range of rate of
revolutlion, and permissible power drain (Fig. 15). With
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hydraulic servocontrol, additional control pulses are poesiible

to secure against storms with wind speeds over 22 m/sec {(the
frequency of which is less than 0.1% of the overall time even

in areas with high winds [1, 4, 171}, and to facilitate starting
when the wheel 48 stopped by adjusting the blades. AdJustment

is through linkages at the foot of the tower. The head 1is

mounted on ball or roller bearings of large diameter or on

thrust or pivot bearings {11, 33]1. Directional control via
self-locking worm. gear [31] thnough side wheel (Nordwind G.m.b.H.,
Allgaier) or by small directional vane controlling the sense

of rotation of an electric motor (Ventimotor G.mab.H). Current
drawn through copper slip rings at top of tower. The slip rings /1042
are designed like those for 1lifting machines.

i" D #ex drs m:srefrurg\; H m‘ﬁl 4ns sc‘fﬁ‘rrhfung 2 - {:p
{.«4&0 Fub bei Eﬂ"iusschﬂag—" /.Varmn!sﬁe! wny fiir Aufenfligel
2 7500 Windrodradivs G~

- |
f :
|
z

|
) !k
Fille Windradwelie;—

"

li B = e B Ciis Gj SEbE e - o By o Beps
f

co—
- ¥
=

] fna’gcn‘: iff.a"—" | 5 g
[0
= = 7000

2 Fadschoift o Pigpe” _Maximate Bremss!eﬂung k

T des Au,ﬁgrﬁug‘.; _‘2—7 " bei 10 mm Srehbalimhub
I SO —Bei Kormuolsfellung decken sich d:r Smnme m /
! TS < Py
[ 3 . ‘ﬁojb _TE lerseijo Pﬂf‘ulfe; I'l o0
' l_ & J N Schpiti £-€ Ansicht Ric htung 8

Fig. 24. Construction of a metal vane attached rigidly
to hub, and control.by adjustment of outer vane
(Nordwind G.m.b.H).

Key: a. Sectlon at center f. End section
of bar, drawn g. Crack
without twist h. End section & of outer vane
b, Makx. iBrakingipoddtion i. Direction of vane rotation
¢. Stroke at 60° j. Section
deflection k. Max. braking position with
d. View, direction A 100 mm rotation bar stroke
Normal pesition 1. Rib
for outer vane m. The sections coincide in
e. Radius of wind wheel normal position

[Key continued o next page]
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25. Overall circuit

power plant with
shunt-wound

generator

Key:

a. Compound generator

b. Principal generator
fuses

¢. Slip rings at top
of tower

d. Feed cabie

e. Main swltch

f. Change-over switch

g. Motors, water pumps,
heating units

h. Battery

i. Selenium column

j. Reverse current circuit
breaker

k. Mains

1. Load display

m. Steady lcads

5. Trickle chargers
[21], usually a two-bladed
wheel 3-4 m in diameter,

generate weak currents for
Like
lighting equipment #ér motor

lighting and radios.

vehicdes, the generators
are usually equipped with
Tyrlll field governors and
Small
units generally have no

vehlcle,s batteries.
gearing. They are regulated
by centrifugally controlled
drag surfaces or by turning
toward the vane against the

spring tension.

E. Operating properties of /1043

wind power machines,.

Wind power plants do
not operate 16-35% of the
time., Full load 1s reached
only 8-28% of the time,
depending on wind frequency
and specific load per unit
areaodf circle. Partial-
load operation over 2/3 of
total operating time, with
widely fluctuating power and
rate of revolution (Fig. 18)
(2,7 22, 55, 57].

there must be power compen-

Therefore

sation by

21
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Cooperation of

a compound shunt-wound
generator with a lead battery

as buffer.
Key: a. Generator charac-
teristics
b. Battery charac-
teristics
¢. Veltage
d. Current
¥ELL = full

1. Appropriately
designed energy storage:
Lead or akkaline batteries,
heat storage (hot water,
steam, solid), flywheel
systems (frlikon).

2. Adapting power
consumpticon to power genera-~
tion. This is possible in
the manufacture of stored
and mass-production goods,
electrolysis, frult dryving,
chopping, grinding, con-
veying, water pumping, etc.
[56].

3. Supplying energy
to powerful networks with
large constant basic loads

{30, 53, 551.

The simplest operating method for el@ggrig%% facilities

is to supply power through two separate networks, one for small

loads  (lighting, radlo, small equipment) to a discriminating

circult breaker and a buffer

loads for heating and power,
without buffering (Fig. 25).

double

shunt-wound generator

(Fig. 26), in omrder to avoid

22

battery, and the other#for large
fed directly from the generator
The battery is charged through a
with an adjustable voltage limit
overcharging the battery.
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